We discuss transformation and measurement of arbitrary four-level optical quantum systems, based on biphotons. A simple scheme preparation of twelve basis states serving for quantum key distribution protocol is suggested as well.
Introduction
Multi-dimensional quantum systems attract attention in context of quantum information and communication. It is partly caused by fundamental aspects of quantum theory like larger violation of the Bell-type inequalities, but some interest is attended to applied research, especially in quantum key distribution (QKD). It was shown that the use of high dimensional quantum states allows increasing the robustness of quantum key to eavesdropping.
The way of preparation [1] and measurement [2] of biphoton-qutrits and an example of their use for QKD has been offered recently. Such schemes have several disadvantages. Three nonlinear crystals, incorporated in complex interferometric scheme should be used to prepare the necessary states of qutrits. The essential defects of such schemes are time instability, necessity of the precise control of a relative phase of the states and high requirements to overlapping in space-time of different states components. Large total losses in the schemes projecting the qutrits onto orthogonal states seriously limit the possibility of their practical application. We provide an experimental preparation of the twelve states, based on polarization properties of biphoton field in collinear frequency-nondegenerate regime of spontaneous parametric down-coversion, serving for QKD protocol and suggest a simple scheme for their measurement.
Ququart based on biphotons
The state of biphoton field in collinear frequency non-degenerate regime of spontaneous parametric downconversion can be written as:
where , H V correspond to horizontal and vertical polarizations, and indexes 1,2 correspond to different frequencies. The basis states of three mutually unbiased bases (an incomplete set) in the state space of such system are: 1. 
For realization of QKD protocol it is necessary to prepare all states from at least two of the bases indicated above. We suggest a simple scheme, including only one nonlinear crystal and a set of polarization transformers [4, 5] .
Experiment
The experimental setup (gif.1) for preparation of basis states (3) consists of He-Cd laser, a nonlinear crystal (type-I phase-matching), a quartz plate with variable optical thickness oriented at the angle of to vertical axis and achromatic half-and quarter-wave phase plates. Variable optical thickness plate is just a couple of plates which can be tilted in opposite directions. The mirror cuts off the pump. The state i (h -geometrical thickness of a plate) differs for photons with various frequencies. Therefore by changing the optical thickness of the plate, it is possible to choose it so that the plate would be half-wave plate for the first frequency and wave plate for the second, for example. Such a plate transforms the state 0 ( ) To distinguish different basis states we developed the scheme shown in fig.1 . The scheme consists of a dichroic beam splitter (DBS), retardant plates which change the bases, polarizing beam splitters and achromatic half-, and quarter-wave phase plates. The scheme exploits four arms ending with the detectors operating in a photon counting regime. Outputs of the detectors are connected with the four-channel double-coincidence circuit. Such a scheme allows one to identify any state belonging to twelve states (3). 
Conclusion
The procedure of preparation and measurement of the given basis state of four-level optical quantum systems, based on biphotons, has been considered. The states under operation belong to 3 mutually unbiased bases which can be used in the QKD protocol suggested by Tittel and Bechman-Pasquinucci [6] . Suggested scheme is easy to operate and allows distinguishing between 4 orthogonal states for given basis in a deterministic way.
